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FOREWORD

This report was prepared by the AiResearch Manufacturing Company of
Los Angeles, a division of The Garrett Corporation, for the NASA Manned
Spacecraft Center under Contract NAS 9-11592. It contains the result of a
two-year study aimed at the defiprition of the space shuttle orbiter environ-
mental and thermal control/life support system (ETC/LSS) .

The study technical monitor was D.W. Morris and at AiResearch the principal
investigator was_J. Rousseau. Other AiResearch personnel who made significant

contributions to the study include K.C. Hwang, K. lkeda, H. Louie, G.R. Noroshita,

L. Sawamura, and N. Wood. .
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1. INTRODUCTION
- ’
ﬁ' This report summarizes the results of a two-year study of the space
3
& shuttle environmental and thermal control/life support system (ETC/LSS) con-
ﬁ ducted by the AiResearch Manufacturing Company of Los Angeles for the NASA
E: B 1
j? E Manned Spacecraft Center under Contract NAS 9-11592, The major objectives
of the program were to: 4

(1) Support the NASA inhouse and funded efforts through the vehicle 1
definition phase of the program
(2) Identify potential problems
(3) Develcp system requirements in terms of maintenance, certification,
and ground support requirement
The entire effort was conducted in major tasks as follows:

Task |--Survey, ttadeoff comparison, and preliminary concept

design ‘
Tash Il--Final conceptual designs and identification of pacing "
technological and developmental probliems

Task 111--ETC/LSS refinement ,

Task IV--ETC/LSS support requirements

Task | covered a broad range uof investigations. Discrete subtasks

included:

(a) Development of requirements and constraints

e (b) Development of evaluation criteria

e (c) Process investigations -
g [ __N
mmave)| ARESEARCH MANUFACTURING COMPANY
- . d L3 - Los hegres Carornd 73-9097
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’
'; (u) Subsystem trade studies '
y ' (e) System synthesis
: (f) Reliability/safety maintainability investigations
; (g) Cost analyses

- (h) Development of a preliminary specificatic
= Throughout these early studies, the ETC/LSS requirements were upgraded to
reflect changes in mission and vehicle definition concurrent with the defini-

tion of the ETC/LSS. The Task | effort is summarized in AiResearch report

71-7859. In addition, a major portion of the Task | effort was directed
toward the arrangement of the various subsystems and emphasis placed on the

thermal management loop.

The Task 11 activities were concerned with a more detailed definition of

the ETC/LSS and an update of the data generated under Task 1. Major subtasks
are listed below:

(a) System level performance optimization

(b) Fault detection and isolation

(¢) Cost reduction investigations

(d) Specification update :
The results of these investigations are summarized in AiResearch report ; '?
72-8501. |
AN
The Task |11 objective was to revise the system specification to incorpo- "
rate the significant changes resulting from mission and vehicle studies i
- conducted by NASA and the prime contractors. Subtasks included %
(a) System analyses
(b) Equipment sizing PR
([~

S -
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(c) Packaging studies
(d) Specification update
In Task |V, the ETC/LSS support requirements were defined in terms of
testing, maintenance, and ground support equipment. This major effort com-
prised the following subtasks:
(a) Development support requirements
(b) Operation support requirements
Numerous reports were prepared in the course of the entire study to
present the results of trade studies or inveséigations of particular aspects
of the ETC/LSS design. These reports are listed in Table 1-1. Of particular
significance are reports 71-7859 and 72-8501 for data generated under Tasks
| and |l. Detailed data generated under Task |ll are presented in reports
72-7382(10), 72- 7382(11), 72-7382(12), and 73-8848. These data were used to
develop the information contained in this final report. Reference is made to
the list of Table 1-1 for these supporting studies.
This final report contains the results of these studizs. The following
information is presented for each ETC/LSS subsystem (see Section 4)
Functional requirements
Performance requirements
Subsystem description
Equipment summary
LRU definition
Equipment packages
Reliability considerations

Redundancy management in flight

w
av .| ARESEARCH MANUFACTURING COMPANY .
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In addition, the subsys‘em maintenance requirements are summarized. Tasks

were defined for the following maintenance activities:

(a) Scheduled maintenance, including postflight servicing, preventative
maintenance, and preflight servicing
(b) Ground checkout prior to flight

(c) Corrective maintenance

The time associated with each maintenance task was estimated; these data are

presented in Section 5.

Development and qualification plans were developed to determine the
extent of testing required for certification of the ETC/LSS and also to

identify the requirements for new test equipment. The ETC/LSS test require-

ments are presented in Section 6.

Instrumentation necessary for redundancy management and for grou: . check-

out were identified. |Investigations were conducted to determine the require-

ments for instrumentation redundancy. As a result of these analyses, an

instrumentation list was prepared and is presented in Section 7. This list

includes only the instruments necessary for the ETC/LSS. 1t does not include

vehicle- and mission-level instrumentation, nor for monitoring interfacing

subsys tems.

Finally, a functional description of the ground support equipment (GSE)

necessary for ground maintenance was prepared. This description is presented

in Section 8.

i ARESEARCH MANUFACTURING COMPANY 73-9097
Los Angees Cotorna
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TABLE 1-1

STUDY DOCUMENTATION

Document Title

AiResearch
Report No.

Design Requirements

Selection Criteria

Booster Cabin Pressurization

Orbiter On-Orbit Quiescent Storage

Fire Detection and Extinguishment

Bacteria Control in Water Management System

co, and Humidity Control Trade Study

Reliability/Maintainability Guidelines

Gas Storage Investigations

Thermal Management Studies

Preliminary Specification

Cost and Schedule Data

ETC/LSS Definition

Space Shuttle Thermal Management System
Design Optimization Prigram ["N640)
Performance Prediction Program (50650)

Vapor Cycle Refrigeration Unit

Atmosphere Control Subsystem Design
Optimization

Redundancy Management Ground Checkout

Monthly Progress Reports

71-7380, Rev. 1
71-7512
71-7532
71-754k4
71-7598
71-7546
71-7553
71-7698
71-7710
71-7815
71-7860
71-7859
72-8501
72-8602

72-8775
72-8848

73-8989

71-7382(1)
through
71-7382(12)

E o I - i et
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TABLE 2-1
SUMMARY oF DESIGN APPROACHES

Space Shuttle
Requirements Approach Implementation
Minimum ® No technical risk L Existing process technology
léggttu'sition L4 Early demonstration of new processes
L4 Exlsting hardware
* Avoid materia) compatibility
probiems
= Use of steel in water loops
. = No dynamic elastomers in Freon
! - loops
B . _ ] ® Proven manufacturing L4 Existlng tooling for detail parts
% techniques ® Existing manufacturing controls
. ® No major capitai investment
a ¢ Expediency in certivication ® Minimum hardware
—! - o ® Selective development
N ® LRU-leve] qualification
% ¢ ® Minimum new STE
.-?(‘ e ) ® Minimum number of components | e Minimum redundancy
Yy - ® Minimum number of component ® Equipment commonal ity
Lol 3 g designs
458 i Minimum ® Minimum maintenance ® Equipment life/reliabtlity
” S g;vgczrship ® Effective maintenance o Haintainability in design b
- . "ﬁ, ® Minimum GSE ® Modify available Gst
® Minimum spares inventory L4 Equipment commonal ity
;~‘ i Minimun Weight ® Optimum System arrangement ¢ Minimum redundancy
; ® Minimum equipment weight ® Advanced design and manufacturing !
+ techniques
—~1 FO-FS Design ® Functional redundancy ® Optimun LRy definition h:
-l ® Effective redundancy ® Man-in-loop : i
1 .5' T management |
: ‘ Reusability ® long~life equipment ® Design margins f y
; 4 ® No material compatibility problems '
v :‘?{ Short Turnaround ® Minimum maintenance ® Equipment life/rel iability
_’ . ¢ ¢ Effective maintenance ] Maintoineb!]ity in design ‘
1
1 ;!
4 :
:%_, i ——
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= : 73-9097
- . AIRE St ARCY MANUIACNTJ‘RI‘T(Z CoMPANy Page 2-2




between the factors affecting design. Major trade studies involved initial
cost, weight, and maintainability.
2.2 PROCESS/EQUIPMENT SELECTION

Table 2-2 summarizes the recommended processes and equipment, As indi-
cated, most of the processes and equipment are based upon years of experience
in both aircraft and spacecraft systems. Examples are sorbent beds, fans,
pumps, and heat exchangers. In a few instances, concepts which represent
advances in technology are recommended. In all cases the feasibility of these
concepts has been demonstrated and prototygpe equipment is being developed.
These programs, funded by NASA over the past few years, include:

(a) Wickless condensate separator

(b) Flash evaporator for reentry heat rejection

(¢) Composite pressure vessels

(d) Bacteria control in potable water systems

(e) Silver ion monitoring in potable water systems

(f) Instrumentation reliability

Stainless steel is recommended as the material of construction for the
water coolant and the potable water subsystems. This approach is conservative
insofar as it obviates potential material compatibility problems. Significent
weight savings could be realized through the use of aluminum in these loops.

In terms of system arrangement, minimum weight is achieved while providing
a high degree of redundancy through the use of multifluid heat exchangers in
all cases.
2.3 EQUIPMENT SUMMARY

Table 2-3 is a summary of the components and component designs that

comprise the ETC/LSS. Most of the equipment is new. Existing and/or modi fied

| 9| MIRESEARCH MANUFACTURING COMPANY 73-9097

Los Angeles, Calforng
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TABLE 2-2
PROCESS/EQUIPMENT SELECTION SUMMARY
Process/Equipment
Subsystem Selection Rationalc
Atmosphere ® (ondenser with “ategral Fully developed, recent ReD

revitalization wickless water .cparation i

¢ Cabin fan Vane axial design; Apollo base

Atmosphere control

Water management

control funded R&D b
Hydrogen separation Apollo base ) "
Freon coolant Wet pump motors Long life; existing technology
loop Multifluid heat exchangers Minimum connectprs; minimum ! "“‘* 1

Instrumentation

® Temp:rature control

Radial flow LiOH beds
Steel heat exchangers

Centrifugal pumps
Avionics fans

Flash evaporator

Compos ite tanks
Skylab POy control

Carleton regulators--shutoff
valves

Bladder tanks
Silver chloride bacteria

No dynamic elastomers

Surface type temperature
sensors

Strain gage type pressure
sensors

DC=10 modified; reliability ’

demonstrated

3 mm Hg PCO, design with 93 per--|

cent utilization efficiency

No material compatibility
problems

Magnetic drive; Apollo base

Vane axial; similar to cabin
fans

Flexibility demonstrated; NASA
funded RgD

Major weight saving; no
catastrophic failures

Demonstrated 1ife and
reliability

Apollo Skylab base; proven
hardware

Apolio base; minimum cost
Feasibility demonstrated, NASA

weight; ease of redundancy
management

No material compatibility
problems

Apollo base

Apollo base

.
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components primarily consist of valves and instrumentation transducers. A
breakdown of the equipment according to these categories is presented in the
table.

In general, the major components such as fans, pumps, and heat exchangers
are new and cannot be made common because of the high weight penalties involved
in stressing commonality for this type of equipment, As a result, the highest
degree of commonality can be found in the atmospheric control subsystem;
because of the relatively low weight of the components, common designs can be
specified at a minimum penalty.

2.4 WEIGHT AND POWER

The weight and power usage ;F the ETC/LSS subsystems are presented in
Table 2-4, Component wet weight is estimated at 1422 1b excluding the weight
of structures, lines, and electrical harnesses. Total expendable weight for

a crew of 4 men and a 7-day mission (plus L-day contingency) is 579.8 1b, for

a launch weight of 2002 1b (excluding takeoff water).

Normal continuous power draw (excluding spikes for heaters and valve actuation)

is estimated at 885 watts with only one active avionics bay.- With three
active avionics bays, total normal power is 1225 watts. Under maximum cabin
heating conditions, as much as 2385 watts can be expended to maintain cabin
temperature at the selected level.

The vapor cycle units will only be used during Ferry flight. The weight
and power of these units is not included in the total shown in the summary
table.

2.5 CABIN NOISE
An estimate of cabin noise attributable to the cabin and avionics fans

and to the water pump is presented in Figure 2-1, The data are qiven for one

A MANUFACTURING COMPANY
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@———— SPACE SHUTTLE CREW COMPARTMENT NOISE REQU IREMENT.
EST IMATED CREW COMPARTMENT ETC/LSS NOISE
Q==+ =—— CABIN FAN, WATER PUMF, AND ONE AVIONICS FAN

OPERATING

g—=— == CABIN FAN, WATER PUMP AND, THREE AVIONICS

Figure 2-1.
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and three active avionics fans. It was assumed that all rotating equipment is
located under the floor of the lower pressurized compartment, The total noise
transmitted to the cabin includes airborne and conducted 'ncise. The specifica-
tion requirements are ret in all cases,
2.6 MAINTENANCE REQUIREMENTS

A summary of the onboard maintenance requirements for the four subsystems
considered is presented in Table 2-5. The time to service, check out, and
perform corrective maintenance is estimated at 50.7 man-hours based on a
7-day mission. With a two-man maintenance crew, total elapsed time is 25.4 hr.
The largest portion of the maintenance time is expended in the atmosphere
control subsystem. Checkout of this subsystem alone accounts for more than
25 percent of the total maintenance time. The instrumentation and GSE neces-
sary to support the maintenance activities are discussed in Sections 7 and 8.
2.7 CERTIFICATION APPROACH

The certification program is designed to minimize test hardware cost and
to eliminate duplication in test opeiacions Figure 2-2 gives an overall view
of the test program. Developmert will primarily be conducted at the component
level only. The scope of this testing will depend upon the hardware category.
For existing equipment (as-is or modified), breadboard testing will be aimed
at suitability demonstration to verify particular features of performance or
design, For new equipment the development program will be more extensive and
is designed to assure against failures in qualification,

Only selected packages will be tested during development to (1) identify
and resolve potential interface problems, (2) ascertain structurel integrity,

and (3) verify maintainability concepts.

AIRES. ARCH MANUFACTURING COMPANY
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The major portion of the qualification test program will be conducted at
the end-item or LRV level. This constitutes a more realistic approach because
the performance and structural interfaces between the various components are
accounted for. It is also expedient because it eliminates much duplication,
The only component level qualification tests recommended are special tests
such as EM! and explosive atmosphere, which are more conveniently conducted
on a component basis, and tests of a destructive nature such as burst,

The large majority of the test equipment that will be used is readily
available from previous contracts. Minor modifications will be required to
some equipment to accommodate the higher requirements of the space shuttle
ECT/LSS in specific areas. New STE only involves new fluid processes such as
test stands for the Freon-21 equipment.

2.8 INSTRUMENTATION REQUIREMENTS

instrumentation transducers are necessary for (1) system control,

(2) redundancy management in flight, and (3) ground checkout and maintenance.
A total of 95 instruments are recommended including redundant sensors,

Table 2-6 is a breakdown of these sensors by type and application for each
subsystem, Of the 95 instruments, only 7 are redundant; in most applications,
information redundancy is provided by sensors incorporated in the system for
purposes other than redundancy.

2.9 GSE REQUIREMENTS

The GSE necessary to support ground maintenance activities is listed in

Tab]e 2"'7‘
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TABLE 2-6

INSTRUMENTATION SUMMARY

INSTRUMENTAT ION APPLICATION

, ‘ Application
- Redundancy |
" Subsyste™ Control Management | Checkout
Atmosphere 3 25 1o+ (23)
control
Atmosphere 6 23 1+ (13)
revitalization
Water - 5 (2)
management
T Freon-21 2 15 b+ (9)
v cooling loop
3 Total 11 69 16 + (47)
\ () indicates alternate use of either a control or a
, : redundancy management transducer for checkout
2 ,
s ) %
= !
= »
=
= 'f INSTRUMENTATION TYPE
7 . Transducer Type :
-4 Differential Test 1
5 Subsyster Pressures Pressure Temperature Quantity Flow | Special Ports | Position [
°£ stmosphere 29 3 2 - 2 3 - - :
=4 P. zontrol ¢
4 {
4 !
R Atmosphere 2 1" 13 2 - 1 - 1 !
s ! revitalization !
i ) e
= [
o
B e Water 1 - 1 2 - 1 5 0 i
B . manaye~ent ‘
9
©
“ Freon couling 5 2 10 2 - - - 2
1 loop
Totals 37 16 26 6 2 5 5 3
q R -
2
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TABLE 2-7
35 De cription pounect iunct fonal/Pertormirce Pe . irement ll
- - e e e e e e — 4
%, te-t -et crovide OGNz under controlled conditions {1%  Capobility of operating from any N, -torage «urce. 127 Prozide tlow
‘ tor te t, chechout, purqging, and drying characteristic- up to 150 Ib/hr at an itilet pressu-e of 130 psia at 707F. '
daring ETC/LSS maintenance; nrincipal {31 Provide regqulrted Gy 91 pre-.ure. at- 0 to 5 pvin, 0 to 150 p i, srd i
asplications far N2 loop ACS and 0 to 3500 ‘10 percent p-ige (L) Provide ‘0.5 percent measurement copatili- t
i interfacing ETC/LSS subsystem and for tles (f’or gbove rarqge-. [5) Provide capatiility of < upply ware dry < troqen ¢
i WHS and FCL to 76° 460F. (6] Capable of supplying 2% 1b N, at 3100 psii at 70"F in 15 !
! min. i
| 0. te t et p-ovide G0; under controlled conditions 1) Capability of operating from any GO; <ource. (7} Provide flow capabilitie
! for te<t ard chechout of 02 toop of ACS up to 150 1b/hr at ar inlet presure of 20 p-ig. 76°C. 13) Provide requlated
H 60y ga« pressure 0 to 110 peig, O to 900 p=ig 0 to 3500 p-ia. (W
i cagable of ~upplying 25 1b 0y at 3100 ¢ ig at 70°F in 15 min.
i Vacuum tect et Provide: o means to reproduce a .pace (1) fapabitity of pumping down 3 volume of 6000 cu in. to 1075 p i within
‘ quality level for te-t, checkout, and 60 win and maintaining thie jevel with a leakage rate of air at 5 th/dy.
' .eryicing of variou- nmajor ETC/LSS (2) Provide a capability for rough and fine vacuum reasurerent includiny
: subsystem . Primary application i« pressure and leakage flow up to 0.125 lb/he.
tor ACS and i+ alco u~ed for FCL and
, WMS ervicing
(abio temperoature | Test provide- the capability through 1) Test ~et will be capable of operating cabin tenperiture control .ytem,
wntrol te-t et bullt-in <ignal simulation of qualita- «elf-powered. (2) Capable of integratina temperatlute control for fault .
tive and quantitative checkout of the {3) Provide -ubsy.tem contro! in checkout of «ubey tem throuah calin tes-
cibin temperature controller, ~ignal perature <elector.
cansor« , and causing temperature con< i .
trol vilves and heater to cycle. i
| wrter wolant Provide deaerated, dyed, deionized (1) Provive capabliity of operating from either «picecraft or ‘el f-powered |
© ervice and wolant water for ARS liquid cooling ! cooling sy-tem pump< and valves., (21 Delivery of water coolant at 50-p i )
I thechout cart foop ot operating pres.ure for -ervie=  noninal for wervicing and sytlem checkout. {3) Provide mei uremert capalility '
| ing or checkout of colina loop of 0.5 pareent accuracy tor temperature and pre..ure tran-ducer . :
; NOTE: For major «arvicing, vaccum te.t et (3} cav be used for evacuating !
1 system prior to fitt R
i fotaible water tor -ervicing potable water «y-ten {1} Provide: :terilized water for <arvicing potable water  ten for
eivice cart prior to flidht. Replace expendable I preflight. 17° Delivery pre-<ure .hall be no arerter thir 43 pria ot
! drinking water tor drinking and thermal | 200 tb/hr tlow. .
~Linagemsnt ! |
. L4
' Potable water u.ed for decontamination of «ysten {1} Flu.h water treated to 1000 deg PP AgCl. (2} Capability for providing l -
decontamination u~Ing potable water or requiring cleans- 1ive steam for decontamination flush. NOTE: Orying purge <hould be pre- 1
cart ing fluh with water and u-e- In ARS contanination with N, te:t et
for conden.or ‘ervicing
. - .ervicirg y+ed for te«t and checkout and wervic- (1) Provide proce.sed (dyed) F-21 at 300 psin for setvicing and leakaue test.
* and checkout ing of F-21 loop~ (21 Provide capability to operate coolant pump from <elf-contained or .pirce- .
cart craft power. 13) Capability fo- dewervicing F-21 loops for heavy maintenance | |
(W) Capatility for evaluating wub.y<tem to 200 micron. for reervicing -y ten | :
{5\ Capability for processing 250 1b §-21. (6) Meacurement capability for '
pressure and terperotures. NOTE: Pequirement (&) could be incorporated with ‘
(3) vacuum te-t <ets. i
freon-31 bypa-« frovide- tor checkout of freon- 21 (1) Capable of operating trom «pacecraflt power or being «elf-powered. '7) |
«ilve controller Typacs v tve clircults Contain test logic to integrate controller for fault. and quantitatively {
te 1 et evoluate control encor for fault. (2 Capabitity to perform Liulsted { '
operating cycle and evaluate bypas- valve fuection. . “ Ty
g ervive cart frovide N4y ot proper tempgrature (11 Capable of providing 300 1L of NHg a1 600 tb/hr at 128 5 puiy winicu~ ) “ ’ 1
ind pre.-ure tot ~ervicing and at 70 " 2°F. § "._
W, recovety and " ed to afely contain dumped NH3 of (1) 300-1b <torage capacity of HHy :aturoted vapor. (2} Allow ~nfe serting '(
vnéon dispoal tH3 vent vapor during «ervicing and or sctubbing of Hy ot 9 Ib/min ahd at pre:sure. up to 1000 peia ! .
cart Mrer «yotem i cerviced to protect 13) Recovery for vave {2) can te o1l .cturoted vapor with concurrent venting ! 4
per onnel and eauiprent from di-poual unit | M
{12 h evipol rtor Provide flightworthy/pressure tight 1) Capable ot providing gas-tight sealing; concurrently allowing pressurizos 4 .
o e lo uie for ~uintenance and test tion to 2 psid duting maintenance and Lheckout test. (2) Provision for '
ladopution of Ny test set (1) neasurenent instrurents 1ot test ard checkuut
e o e —m e S - - . — —————— e e en e — 4
. i
|
i
|
Myt Lt Y
-t i,
“
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3, OVERALL REQUIREMENTS

The vehicle/mission levei requirements for the design of the ETC/LSS
- are presented in Table 3-1 and discussed in the following paragraphs.

Detailed subsystem design data are presented with the discussion of each

subsystem.

L 28]

TABLE 3-1

VEHICLE/MISSION LEVEL REQUIREMENTS

i Parameter Requirement
Mission duration
Baseline 7 days '
Range 2 to 30 days
Crew size
Normal crew 4 men
Passengers 0 to 6 men
Number of missions 100 per vehicle over a
10-year period
Number of vehicles 5 i
Equipment design life 10 years »
Turnaround time between flights 14 days ;
Cabin pressure 14,7 £0.2 psia !
Cabin temperature (selectable) 65° to 80° £2°F * % £
Cabin volume 2000 cu ft z
Airlock volume 250 cu ft i
Avionics bay volume (3 bays) 150 cu ft (each) b
Vehicle leakage 10 1b/day
Thermal loads Obtained from NR report
ECLSS-141-72-2 dated —
May 1972.
.
— Y
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Expendable storage is based on the average requirements for the baseline
b-man, 7-day mission; sufficient expendables must be provided to sustain
operation for four days of emergency operation.

Reliability guidelines are as follows. The first failure will not result
in degraded performance; adequate provisions are made to continue operation at
design point performance. The second failure can result in performance
degradation or alternate operational modes that will satisfy crew safety
requirements, although compromising the mission and/or crew comfort. Pressure
vessels, heat exchangers, and interconnecting lines are considered to be
primary structures and need not be subjected to the redundancy requirements
of other equipment types. These guidelines will provide near FO-FS (fail
operational-fail safe) capabilities for all critical functions.

With respect to maintainability guidelines, no maintenance will be

performed in flight except in emergency situations., Sufficient instrumenta-

tion must be provided to enable the flight crew to effectively manage the

redundant elements of the subsystems without ground support. The on<board

computer will be used only for instrumentation readout, parameter comparison

to preset min/mex values, parameter display, and alarm. Fault de.tection/ )
fault isolation logic will not be programmed in the computer. All equipment
necessary for fault isolation at the LRU level and all instrumentation sensors S
necessary for ground checkout will be installed on the subsystems. The i

onboard computer will be available for ground checkout operations.

e 4
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b, SYSTEM DESCRIPTION

4.1 GENERAL

The entire ETC/LSS was divided into the following major subsystems.

P L

[\

. ° Atmospheric revitalizacion
N ° Atmospheric control
, ° Water management
'-'3.? _ ° Freon-21 heat rejection
) N ° Ferry flight heat sink
g{ ; For each subsystem, the following data are presented
;: '; R (a) Functional requirements
;Q;A i (b) Performance requirements
fj, %‘ (¢) Subsystem description
b ?5 . (d) Equipment summary
) ; t (e) LRU definition
;i (f) Equipment packages 0
? é‘ . (g) Equipment redundancy E
% ?“ (h) Redundancy management %
Vﬁ : These are discussed briefly in the following paragraphs. f
%' _ %} 4.1.1 Functional and Performance Reyuirements j
Ao i D :
The requirements presented in Section 3 were amplified using data pro-
= vided by the NASA and NR,and also the results of investigations conducted at
s AiResearch. These data were further developed from the subsystem to the ’
i
;? | J
v @ AIRESEARCH MANUMCT\{::P::; Eg?:'::: 73. 9 097 :
, Page L-1 ;
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component level to permit cquipment characterization, Equipment functional
and performance requirements are presented in the equipment summary.

4.1.2 Subsystem Description

Schematics of each subsystem are presented. Tha nusbering system for the
components as listed below is based on that used by NR at the end of their

Phase B activities:

2.0 and 3.0 Atmosphere revitalization
1.0 Atmosphere control

4.0 Water management

7.0 Freon-21 heat rejection
10.0 Ferry flight heat sink

L4L,1.3 Equipment Summary

Equipment characteristics are presented in tabular form, For each
component, the following data are presented:
(a) Item number

(b) Item descripticn

(¢) Number of items required

(d) Functional and performance requirements

»
(e) item weight (dry and wet) r
(f) Envelope .
(g) Power requirement i‘
(h) Equipment category in terms of qualification status i
(i) Design features |
These tables incorporate the results of detailed component selection and
preliminary design studies. Extensive surveys were made of equipment avail- o
ability from previous space programs to identify components which could be used ——
g
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on the space shuttle without modification or with only minor madifications,

Moat of the components in this category comprise valves, connectors and
inctrumentation transducers. The major equipment such as heat exchangers, fans,
pumps, etc. are new,

L.1.4 LRU Definition and Equipment Pachages

A preliminary definition of component groupings into line replaceable
units (LRU's) was developed as the result of redundancy management investiga-
tions, packaging studies, and maintainability analysis., Since it was assumed
that the equipment will be accessible, the LRU definition is near optimum
from an ETC/LSS viewpoint. Additional constraint. imposed by installation
requirements could have a significant impact on the LRU definition; however,
in most cases the packages developed could be modified easily to conform to
the detailed vehicle installation constraints,

in defining the LRU packages, two categories of components were identified

(a) LRU compoients which will be replaced oqboard and which are part of
a larger equipment grouping (for efample, the inlet pressure trans-
ducer on a pump package). The transducer is replaceable on-1ine;
however, when the pump package is removed, the transducer also will
be removed.

(b) Shop-replaceable units (SRU) components. Replacement of this cate-
gory of component will entail removing the LRU package from the
vehicle and then removing the component from the packége. This last
maintenance action will usually be effected at the shop level,

although SRU replacement in specific cases could be done cnboard.

>
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4.1.5 Equipment Redundancy and Redundancy Management

AVl subsystems were developed to assure that the fO-FS criterion was
satisfied in terms of subsystem functions. The guideVines defined in
Scction 3 wiere used to cvaluate the recommended subsystom arrangements in
this respcct.

In developing cquipnient redundancy, considerable cmphasis was placced on
the following factors to assure the effectiveness of the F0O-FS quality of the
subsystem.

(a) Number of instruments necessary for subsystem hecalth monitoring

in flight
(b) Logic required for interpretation of the information derived

from the subsystem transducers

(¢) Crew tasks involved in restoring subsystem health

in the performance of the redundancy management studies, the ground rules

discussed below were followed:

(a) 1t was assumed that the onboard computer would be used for trans-
ducer interrogation only, and would not contain the fault detection/
isolation logic. The computer will identify out-of-tolerance con-
ditions and alert the crew if such a condition exists. Also, the

crew can interrogate the computer for additional transducer readout-

he

as desired,
(b) The interpretation of the instrumentation readouts will be donc by
the flight crew without the assistance of ground support crew and
facilities. As a consequence, the redundancy managcment modules
were defined in terms of easily identifiable and detectable subsy«ter
functions. In this manner, fault ambiguity is eliminated and cor- .

rective actions are simplified.

mase)| AIRESEARCH MANUFACTURING COMPANY - .
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(¢) une aspect of fault detection not covered in these analyses is con-
cerned with instrumentation redundancy. In the analyses conducted,
it was assumed that the information was available to the crew, and
instrumentation failures were ignored. Generally, instrumentation
redundancy will be necessary, and procedures to 1dentify instrumen-
tation failures (as opposed to functional equipment failures) will

have to be identified. Instrumentation redundancy is discussed in

Section 7.

(d) Another assumption made was that no ETC/LSS instrumentation is

required for fault detection in interfacing subsystems. As a result,

a minimum instrumentation list was defined for all subsystems.

(e) The data presented for each subsystem in tabular form is concerned
only with the primary leg of redundant subsystem arrangement. Fault
detection in the secondary leg is the same and requires the same
instrumentation.
[ ]
v
:
w
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4,2 ATMOSPHERE REVITALIZATION SUBSYSTEM (ARS)

4.,2.1 Functional Requirements

The atmosphere revitalization subsystem comprices the equipment necessary
for control of the cabin atmosphere temperature and for removai of the con-
taminants generated within the pressurized compartment. In addition, the ARS
provides the capability for thermal control of al! equipment located within
the pressurized compartments. Specifically, the ARS performs the following
functions.

(a) Automatic cabin temperature control a: a value selected by the crew

(b} Ventilation of the pressurized compartment

(¢) Humidity condensation and removal

(d) Contiol of PCO, below acceptable levels

(e) Removal of trace contaminants and c¢dors

(f) Removal of particulate matter and bacteria

(g) Cooling of the potable water supp'y

;: (h) Thermal control of the pressurized cabin walls

hl

2 (i) Cooling of the air-cooled avionics located in three separate bays
(j) Cooling of the cold plates located within the avionics bays
Rﬁ ‘ (k) Thermal management system heat sink during ascent and entry

Thermal control is effected by means of redundent water loops. With the

exception of the ascent and entry phases of the mission, the heat collected by

the water loop is dumped into the Freon-21 heat rejection subsystem outside

the pressurized compartment. During ascent and entry, water evaporators in
the water coolant loops serve as the entire thermal management system heat

s ink.
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4,2.2 Performance Requirements

Major performance requirements are Jisted in Table 4-1.

4,2,3 Subsystem Description

A schematic of the subsystem is presented in Figure L-1. The instrumenta-
tion identified on the schematic is discussed in Section 7. Subsystem functions
are accomplished as discussed in the following paragraphs.

4,2.3.1 Cabin Temperature Control

Cabin air is circulated through the ARS loop by one of three redundant
fans (Item 2.5). In normal operation, when cooling is required this air is
cooled in the humidity control/cabin heat exchanger (1tem 2.6) and returned
to the cabin via the distribution ducts. The amount of heat removed in the
heat exchanger is controlled by regulating the quantity of process air through
this unit. The maximum airflow through the humidity control heat exchanger is
880 1b/hr. Mechanically linked fiow control valves (1tem 3.2) are provided
for this purpose. The use of a dual valve will assure proper flow distribution
and stability of operation. The position of the valves is automatically con-
trolled by the cabin temperature controller (1tem 3.4), which uses signals (rom
the selector (ltem 3.5), the temperature sensor (1tem 3.3), and anticipat
(1tem 3.4). The selector is set manually by the crew; the anticipator prov ies
cooling rate information to the sensor and reduces tenperature excursion: Lo
a minimum. A manual override is incorporated in the se'‘ector design to permit
manual override of the controller and to position the bypass valve directly
from the selector. As an added feature, the valve actuator can be overriden
manually. When heating is required, the controller will switch on the electri-

cal heater and modulate the power co the heater to effect the cabin temperature

v
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TABLE 4-1
ARS PERFORMANCE REQUIREMENTS
P et S - -o- - -1
LA ”Sy_b_s_ysytimj‘y_nction L P“’f‘_“e_t_"i_______ . vValue .
General Cabin jressure Y4,/ psia
Cabin volume 2000 cu ft
Crew size 4 to 10 men
. Mission durstion 7 davs nominal, 2 to 30 days rarge
Cabin temperature control Selectable tempereture range 65° to 80°F
Control accuracy +2%F
Loads
Cabin sensible load i 640C to 210C Btu/br excludiag cabin farl
Cabin avionics load | 3460 to 430 Btu/hr
LiOH sensible load ;  ROO Btu/hr (10-man design)
Ventilation T omu;nl desi;> ;c;lnt T T 'l 2-5. ft/r'nn" Trom o o b
i | Renge " 15 to WO ft/min
| Humidity removel 1 cabin dewpoint i 33% to 61°F
! ! Cabin latent load ' 2000 Btu/hr :10-men designl
. ! LiOH latent 400 Btu'hr (10-man desigr!
pCo, control ! cabin pCo, : o —
[ Nominatl 3.0 ~r Hg raxirun uith boren at
. maxirum metabolic ratel
. tange 0 to 7.6 mn Hg
: Feil-safe operaticn I 10 mm Hg
. Emergency 15 mm Hg for & raximun of 2 br
€0, production rate ;
Nominal design point 2.11 1b/man-day
Renge { 1.88 to 2.5 1b/man-day
0dor removal i See Vwble he2 ! :
Particulate matter and bacteria control : Alrborne baci.i sl concentretion . 500 microbes/cu ft
- 4 —_——————— - R -
Water coolant loop dete ! Conling water specification : MSC~SPEC-C20A
l| water flow rate i S50 Ib/hr
' Water circuit oP = 40 psi
Maximum weter temperaturc in cold wall i 60° to 70°F
i i t:!axlmun weter temperature et cold plate circuit 75°F
| } inlet
: | Meximum air temperature at air-cooled avionics 100°F
, inlet
'; Faximun air temperature ot air-cooled avionics 130°F
i outlet
i Chilled potable water supply temperature 40° to 50°F
H —
tapendable evaporant hest sink ¢ Control temperature ) T
Inlet water tempecsture initiating unit 56%F
operstion
Outlet temperature control range 3s° to lo5°F
Design point loads (#scent)
toed 73,600 Btu/hr (maximum)
weter inlet temperature 174%
water outlot temperature 40%F
Ajr-cooled avionics circuit design deta| Airflow rate 1000 1b/hr
Alr 4P 2 in, “20 excluding heat exchanger
Avionics bay pressure 14,3 psia .
Water flow to cach avionics bay 1/3 of totat (183.3 1b/hr)
beslign load 8220 Btu/br with & weter inlet tempersture
of 77°F !
T _ J
73-9097
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. TABLE 4-2
) MAXIMUUM CONCENTRATION AND PRODUCT ION
1 3 RATE OF TRACE CONTAMINANTS
o ¢ (10-MAN CREW)
Biological Max imum
Production Allowable
) Rate, Concentration,
Contaminant gm/day mg/m3
Acetone 0.005 240.C ;
Acetaldenyde 0.Cc2 36.0
Armonia 10.0 3.5
n-BLtyl alcohol 0.03 30.0
Carbon monoxide 0.162 29.0
Ethy! alcohol 0.10 190.0
Hydrogen 0.50 215.0
Hydirogen sulfide 0.000583 1.0
Indole 1.0 126.0
Methyl alcohol 0.10 26.0
Methane 6.0 1720.0
Methyl mercaptan 0.21 2.0 ; "
" Phenol 3.78 1.9 &
ilf Propy! mercaptan 0.21 92.0 % -
Pyruvic acid 3.78 0.9 |
¥
b Skatol 0.21 141.0 [
b
“t : ™
’
E
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FUNCTIONAL AND PERFORMANCE REQUIREMENTS

FILTER-DEBRIS TRAP

CHECK VALVE, REVITALIZATION FAN

€0y ABSORBER CANISIER

€0y ABSORBER ELEMENT

SHUTOFF VALVE

CHECK VALVE

FAN, REVITALIZATION

HEAT EXCHANGER, CABIN/HUMIDITY CONTROL

FAN AP TRANSOUCER

DEBRIS TRAP 4P TRANSDUCER

€02 PARTIAL PRESSURC SENSOR

SENSOR, CABIN TEMPERATURE ANTICIPATOR

VALVE, CABIN TEMPERATURE CONTROL

CONTROLLER CABIN TEMPERATURE

SELECTOR, CABIN TEMPERATURE

EXPENDABLE EVAPORANT HEAT SINK

HEAT EXCHANGER AVIONICS

POWER SUPPLY TEMPERATURE TRANSOUCER

ELECTRICAL HEATER

FAN, AVIONICS COOLING

CHECK VALVE, AVIONICS FiN

AVIONICS FAN DEBRIS TRAP

PUMP PACKAGE ASSEMBLY, WATER COOLANT

WATER FILL CONNECTOR

WATER SHUTOFF VALVE

SECONDARY PUMP INLET PRESSURE TRAMSOUCER

PRINARY PUMP INLET PRESSURE TRANSDUCER

PRIMARY WATER PUMP 4P TRANSDUCER

SECONDARY WATER PUMP 5P TRANSOUCER

AVIONICS BAY 1 FAN LP TRANSDUCER

AVIONICS BAY 2 FAN 3P TRANSOUCER

AVIONICS BAY 3 FAN AP TRANSDUCER

INTERCHANGER OUTLET TEMPERATURE TRANSDUCER (PRIMARY)
EVAPORATOR OUTLET TEMPERATURE TRANSDUCER (PRIMARY)
INTERCHANGER OUTLET TEMPERATURE TRANSODUCER (SECONDARY)
EVAPORATOR OUTLET TEMPERATURE TRANSDUCER (SECONDARY)
EVAPORATOR OUTLET TEMPERATURE TRANSDUCER (SECONDARY)
EVAPORATOR OUTLET TEMPERATURE TRANSOUCER (PRIMARY)
CABIN TERPERATURE SENSOR

TEMPERATURE CONTROL VALVE POSITION INDICATOR
PRIMARY ACCUMULATOR QUANTITY TRANSDUCER

SECONDARY ACCUMULATOR QUANTITY TRANSDUCER
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Figure 4-1, Atmosphere Revitalization,

Subsystem Schematic
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control function. Even in the heating case, a minimum airflow is maintained
through the heat exchanger to assure humidity control. This flow is estimated
at 200 1b/hr to maintain the dewpoint in the cabin below 61°F with a latent
load corresponding to a crew of 10 men.
4,2,3.2 Ventilation

The airflow through the ARS is returned to the cabin through a duct system
featuring several diffusers; the flow through the ARS provides ventilation
velocities in the crew compartment adequate for crew comfort in zero-g.

4,2.3.3 Humidity Condensation and Removal

Cabin humidity is maintained within the specified 1imit by condensation
in the humidity control/cabin heat exchanger. The extended surfaces of this
heat exchanger are at a temperature level that is lower than the dewpoint of
the process air. As a result, condensation will occur on these cold surfaces.

Condensate thus formed is entrained by the airstream to the exit end of ine

heat exchanger, where it is removed with a small fraction of the process air
through passages provided for this purpose. The condensate removal passages
are an integral part of the heat exchanger; they are located at the end of

the coolant passages and from the air-side constitute an extension of these ‘ »

passages. The two-phase mixture is drawn into the rotary phase separator
(part of the waste management subsystem) for liquid separation and storage; .y
the air from the separator is returned to the cabin.

4.2.3.4 CO2 Control

- = 'ﬁ'ﬂ -
b .

———————

A portion of the fan flow is diverted to the 002 absorber (Item 2.3) and
returned to the main ARS duct upstream of the fan. Thus, the full fan pres-

sure risc is available for the design of the CO2 absorber, Carbon dioxide is

removad by absorption in two parallel, radial-flow LiOH beds. Each bed contairs _~—

AIRESEARCH MANUFACTURING COMPANY )
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4,95 1b of high-porosity-grade LiOH for high utilization efficiency (93 percent
minimum) over the entire range of inlet air temperature anticipated (75° to
110°F).

The airflow rate through the LiOH is 120 1b/hr; at this flow rate, the
CO2 partial pressure in the cabin will be maintained below 3 mm Hg with
L4 men at maximum metabolic rate. Each sorbent bed has a CO2 capacity of
4,22 1b, corresponding to the average daily production of 2 men. In operation
the beds will be on stream for 24 hr; they are replaced alternatively every
12 hr,

With a 10-man crew, the cabin PCO2 will increase tc 6.5 mm Hg; charge
replacement interval is estimated at 5.5 hr.

4.2.3.5 Trace Contaminant Ramoval

0dor removal is accomplished by 0.45 1b of activated charcoal packaged
with the LiOH sorbent,

4,2.3.6 Particulate Matter and¢Bacteria Control

A full-flow filter irstalled in the return air duct upstream of the fan
will collect dust and bacteria from the cabin. A relief valve will permit
automatic bypass of the filter element should the filter pressure drop
become excessive due to clogging. The filter is replaceable in flight.

4,2,3.7 Thermal Control

As shown in the schematic of Figure 41, two loops are routed in parallel
through all the heat transfer equipment and provide the redundancy necessary
for the mission. The two loops are identical.

Starting at the pump (ltem 3.24), water is circulated through the cold
wall panels and then divide into +hree equal streams that are directed to the

avionics bays., These three parallel streams serve as the heat sinks for the

aaARR AIRESEARCH MANUFACTURING COMPANY
oy i 73-9097
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cold plate networks and the avionics heat exchangers (ltem 3.7). The streams
then rejoin, and the entire water flow is cooled either in the interchanger
(1tem 7.7) by the Freon-21 or in one of two evaporators (Item 3.6), depending
on the mission phase,

During the major portion of the mission, the Freon-21 constitutes the
heat sink for the water coolant, During ascent/burn and entry, when the
radiator is not deployed, the entire thermal management system load is rejected
to expendable water in the evaporators. The evaporators also serve as & backup
to the radiator in orbit and supplement the radiator when its heat rejection
capacity is exceeded. The cold water stream from the evaporators is circulated
through the potable water chiller (1tem 4.4) and the cabin/humidity control
heat exchanger (ltem 2,6).

A1l subsystem heat exchangers are multifluid units with redundant passages
to accommodate the two water loops. The air-water heat exchangers (cabin/
humidity control and avionics heat exchangers) feature single air passages.

The interchanger is a four-fluid unit with any one of the water loops
thermally linked to either of the Freon-21 loops. The single exception is the
water chiller, where separate units are arranged in series to provide chilled
water from either loop.

Since the subsystem has no controls (temperature or flow) , the temperature
Jevels will be essentially dependent on the loads and the Freon-21 loop per-
formance. The water flow rate and tne avionics fan flow are adequate ‘o pro-
vide the heat sink‘reguirements and maintain the equipment within the tempera-

ture limitations specified previously.

v
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L4,2.4 Equipment Summary

Table 4-3 lists all equipment contained in the ARS. Monitoring and
checkout instrumentation is included in the listing for completencss; Section 7
of this proposal discusses the instrumentation in more detail. The table
summarizes the design features and performance of the equipment. Also given
are the component weight, envelope, and power consumption when applicable,

Overall subsystem characteristics are summarized below.

(a) Number of components

Functional components: 64 (excluding LiOH charge)
Monitoring instrumentation: 23

=1 | (b) Number of component designs

Functional components: 25
'5 Monitoring instrumentation: 7
(c) Totel wet weight excluding expendables: 38!'.6 1b

(d) Expendable weight {(4-mar crew): 19,0 1b/day

o e T L

(e) Power requirement: 462.5 watts (continuous with one avionics bay

fé active)
%2 802.5 watts (three avionics bays active)
?‘ In addition, power must be provided for heater operation when necessary. The T:
3‘3 electric heater (ltem 3.,9) can consume as much as 1.5 kw (3 phase, 40O Hz, f;
;i 115/200 v). Under these conditions the vehicle will be powered down; the ;
ié fuel cells will easily accommodate this demand. i‘
S e ¥ Most of the equipment listed in Table 4-3 represents new designs. Equip- |
ment such as the cabin fan will be similar to equipment developed for previous
, space programs, The temperature control system is essentially off-the-shelf =
V; | DC-10 equipment modified to incorporate electric heater control capability. -,
3
|
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TABLE 4-3
EQUIPMENT SUMMARY, ATMOSPHERE REVITALIZATION ASSEMBLY

t 1 ’ i .- e s - ——
Ltem j favelope " Y i
Coatone ho, funct conat ard Serfornance waight, Giee, tover, i TQuatire o ll
LA fonerption 0 Roga fiequircrenta ib in, i uoH' categor, 1 deratie e o ceat o
. . SORLAL U S B AL A 1
ot I obtereNbrin 1 fomoyvec particulate matter and 7.0 13 ho by - m N Coome? or Luett Vot
Trap Gacteria trom @it stroan, [ull | :Canivter 27 iung Lam rar tW. corte
| flow folter yorth fiiter otoment | Onlyd . Coatte dge ase ot s
" changest 1o daits A flow ' PR R I B o
© BBO 1b.hr,  tressure drop 5,0 . . Londett torates et
T 0.4 am, Myt Inlet prossure ifFilter i . eopercect anlernton, oro
Y, ] puia.  iperating temp: [tement) : atad oy sla e, ot
LP0RL0F il tration requires . valye o @ emi i £y ot
(vets ) micron obrolute, ‘ ' orper .atd ¢+ e car when
| | CHeliet yalie ceaee , oot e
i i ' ; sere L 0UE e ey
' -. ' + s
el theck Valve, 3 pPrevents recirculation of pro- $0.25 4,8 dio by | - Cogiedder | Futber tlasoers supn tteu s
Pevitalizaticn cess @aif through irective fens, £ fong 1 seeeon n choce directs o,
Fan Flow rate 1000 1b/hr.  inlet | i valve is n»stalled v the
pressure: 14,7 ‘;O.? psid. ' | ducting irmodiatel. dowr-
lelet temp: 120°F (rax). P . streen of the cabi- for.
G.h in. b0 mas ot uperating : . Sin‘lar to Apcllo su.t comm
wmition’.. . ! pressor chech valve.
.38 0y Atsorter s M54cﬂb"{ mcarnontw two L:Oﬂ 6.0 16 by 10 - Hey, -arallcl raJ.al HA cataters
Caniste” canisters rounted in perellel !'by 10 witr ma-ual shutcff valyve
e with appropriate isolation ‘ inlet duct and & checr vol,e
' [ valves and provisions for peri- i \n outlet duct for (tow -rtere
. odic replacement of the LiOH l ruption during recharqe Gooras
& absorbes «n flight. Process | tice, Scrol) type irlet
eir “low- €0 Ib/hr per can- : mer i fold for unifore *1o.
3 . ister at 1,0 in, HpO <P, through the cralc.
‘. . .- , - . - . PR - - . -
. Lo3b (02 absorter cxpends . Remaves CQ, from the atmosphere 7.0 7.75 dis by, - New cadial flow sorbent hed,
' £lement able T by obwrot?on on LiOH, Bed Expends 1.8 tuny Cortains 4. 36 1% LitH a~d
. ‘ includes charcos! for udor cun- ' able 0.4% 1+ activated crarccal
§ trol, Absorber element Oz ' vea contarner iy alun ow
' capacity: 4.22 tb, Crerge with cylindrical starles:
‘ Vife: 24 hr, Cabin CJ; level: steel screees ot riet ol .
3 mm Hg nominel. Maximum COp . outlet, Armalsn felt pee !
removal rote: 0,88 lb/he ' . vents dusting. Charge 4
(10 men)., . ; © designed to maintain PCOy ' o
, 3w Mg in cebin with L mce. u
. P Utitisation efviciercy (.33 H
: ' with 4 men on 12-hr staggercd A
. . charge replacement. Witk 1C
. men cebin PCIy is 6.5 am Hg
. : . charge replacement time is
. N 5.5 br.
—_— .. e - ,
- s.3¢  Shutoff Valve 1 Used to isolate COp abrorber 0.3 2.5 dia by ' gxisting | Menual butterfly valve. i
canisters during charge 3 long . i b
replacement, . ‘ L.‘" by
L s ——- + ]
3 Cheeh Volve 1 Used to isolate CO, absorber 0.15 ;2.5 dia by , Sinitar | Rubber flapper velve similar ! "
caristers during charye + 3 long . te Item 2,2 but for size, I
rcplacumnt. : i l
Y fa, 3 Cir: ulates cabin alr through h,2 4.8 dia by 214 Similar Venc-sxisl type with deswirl |
. Revitoliretion the ARS for purposes of 6.9 long 1 phase vancs, Aluminum construction, ! W
., : . atmcspheric purificetion and 400 H2 . overell efficiency: §1 per= '.’-n_
' temporature control. 115/200 v! cent, Speed: 11,500 rpm, i o
Flow rate: 1000 lb/hr. iInlet Designed for low noise level. *y
. pressurc: 14,7 psla, Pressure ! Estimated tife in excess of v B
| ' orise: 4.0 in, H20, inlet | 18,000 he. fcaring arrange- i
i . temperature:  919F, ; ment similar to Apollo cebin \
‘ ] I fen, !Incorporetes thermel !
. : ! vrotcc!ors.
O S ——— [ e e e e = e — 1 ) St A —— :
N | Heat Exchenger, 1 Provides a hoat sink for cabin ‘&% (Dry) 20,5 by . New Plate fin ncinless steel urit
[ i Cabin/Huidity sir cool ng end humidity condens 61 tWet) i 5.51 by ! : with integrel condensate ;
. - , Control setion ani cvapuration, Weter . 128 | ' reroval sectior. ircorpurates
e . cootent is the heat sink, Col¢ : . redundent coolan. passsacs, .
' ride Leoutont water)=-Flow T . ! 4epsss cross courtersflow X
560 Vb hr, nlct temp: LOOF, ) { arrengement with internal K
wWater B 2.0 psi, Hot_side i | mitered firs for liquid nao s 1
(process ate)-=Flug: 880 Ib/hr, |  tolding between passes, |
. t nlet temp: 100.39F. irlui dowe i " Coppet fins on air side |
' point: 53.0SF, P 1.9 in, H0 ' : ! .
“ Sensible @ 11,087 Stu/he, | \ | —
Latent Qi 2400 Btu/hr., ' ! :
S Y ] R T —— ceed S l P
N‘
73-9097 -
- -
(cAuutn} 2iRESEARCH MANUFALTURING COMPANY Page "S

W TN




TABLE 4-3 (Continued)

* 1 i
" teoed oy
N, [RTRE ol et et i weo . o
Y N hewy e ot te . Lot are .
. . , . . .
' 1a =t Lo Ce b tee - .o .
Teae faoet K TR e
H Coo Yap s 1 Q- LR [l . ot ©oa
IERIEUTI] ! 0.
- . - .
L0 wmit ) 1 O TP O 1.4 o . e .
teoate hens [ «
o «
. . . . .
FEC EETAT] 1 Lo, temperature o the Ak o LI BEXRR - Ceonte
Tor, crots ro P a0 e rotore daet Ty by Sy P .
aot o ratec Lot ot e af tetgorature Yoo ' o
costenl,  Tperatorg tenperas EROR I
ture targe b’ 1o b2V, Lo
.. . +
(o] S
- e
kP valve, tahe 1 Lypasses AFS pro . - L T .
Toris rature the abin sum.d. ty tontrol beat 12,9 by =10 LRI
e trot eaeraracr tu vlfect cabin temm b BUILY- 2 £ DR P
. poerature controt,  Haximun flan:
‘$ BRC 1t hre, inlet temperdture, “ ‘
. 1609 .mast. oP: 0.1 ing M0 t
at <80 Ib br flow, ‘
?
b Y . . . - e ae— . .- e = .
4 ‘ 3.3 Soreor, (abie 1 Senses cabin air terporatured 0.2: 1,126 sia - falet .
b Torr erature sional usced by the cabin terw ty 2,26 He1e
perature controller for tempers long ‘o
ature reaulation,  (perating
temperature ranqes 657 to B85°F.
v M — . Rl .- .- — - - —— - - . - —— - . .
e {u-trelier 1 Contrals the bypass flow arvued 4.t 10,6 by 3 Moditied M duiat [
i (as.n the cabinihumidit, coatrol heat v, 51 by .10 Lite o cterta, o
Teem cature exchanaer, Anticipdtor type L,C arzend (e .
control, Cortrol range. &0 cortril syater 00
to 85°F .sclectablel, Cortrol set, Tro cati Ml .
accuracy 2. TLet0 e
parate e
corte
—_— ' e e e e o e = = A e e e et e e
3.6 Sclector, Cabin 1 Used by the crew to nanuelly Cotr ab, - fxistirq Panel foounter L L
Terperature select a cabin tempevature in fong 10 capabil t. or at e
the range from 65° to B4OF. marual contr:l. o
L) cortroel rode, tre .
- itemt LY Ty tapannt o
cabir temperatare oo
valve car “e o tuato
y from tne seloctor,
. . . e e e T
3t e el 7 Water 1o the cvaporént, serves 73 et 3 dio by & 1 for New Spray tlash ¢ e ]
' : tvayoract 8s the vebicle primary host ‘totat p2 control) bly includes wvop. *
real $Tob sink Juritg ascunt, burh ond sssembly) T 3,681, vater o ot
eatry, <n orbit serves ay @ . flow co~trol velver 4
. - © supplecwrt to the raldiator and 3,60V, 2 contr 1t e
R 3 © 8ls0 as & backup, Ascenteburn 3.k, D osensors [TRE
8 condition, Q 73,580 Btu hr Srainless otecl cvar et
imaximu), Water coolant flow: with evterded curtac
640 1b hr, Water covlant inlet . water codtart o !t (- [
temp: 17WOF, Water cuolont ! freeaieq,  lopper to. o0
! outlet temp:  40°F «controld, i used,  Surfece te ottt
! owater LDt b psi. ) mainteined atcve 33 0,
I Radiator supplemeat in orbit, f f'f:,.'"f' ..‘;o,""xr“;”,' ' ,‘.‘
Q 10,000 tu’'hr, Evapcrator P { Oeat \4‘ o
awitehe * ont when inlet water modulat ot corti S
‘ iv LY ., Control temperature: . Controller -ocorpurat st
o -w-"‘i- " 4o gor' ) port tor (kechiut 0t
! o control syeter,
v . } - —
\

73-9097
AIRESEARCH MANUFACTURING COMPANY

AR Page L-16

s e e -




8
| L .
] . -
il ">
A Seo
M
i
&
.
TABLE 4-3 (Continued)
— —_ L. B et
! 'i ! ! 1ten :. tovelope :
IR | Bo, i Canctienal ac b iectarnance wergnt, Size, Layer, Lqu prect
A Lonetiitoo i“«'q i Pequ:retynts 1t ! ie, watty Cateqor. betates ¢ featen
i . i
3. voat i3 D teels tre alr crrculated e the Mh ey 18T Ly .0 A" LR PR
iacharque . Ioavian.cs Fa.s for the purposd 1 wet) ' by 4.8 RICANG o
ay aelen ! | of thermal contrl, water e pasnares, 1ot [
« . the Peat sieh,  wengn noint s [RETS ¥ .09 S TN o
U poet lumdicq, het Siee (Air)-- ' Troaen -
VG ARG Bturtr rone bay), oo togarat e,
i Flow: 10C0 1'/br, irlet temp
L1330, A 20 1,0 in, HRTL
| ATr pressure 143 psie. Cold ,
! Size Imater Coolart)=-Flows :
‘ 173,23 it hr rone bav), Inlet
H termp:  77%%,  Pressure Jrop
’ opat.
- s § B . . . . ,
3.8 fower Sunpl : H Frovides signal curditionirg 8.1 6.5 by 5.0 1.8 New “ e
Tenperatare i any power for a1l ETC/LSS tem- vy 8,3 1 phase Lt
Trenszacer perature ans sressure trans- 115 v = <
jucers, Triple regundancy. 400 Hz
! .
3. glecteical ; 1 Cissipates electri 8l erergy 4.8 10 by £.6 1500 Ixisticg  ¥late TTnou’
Heater H into the ARS ardcess @ir strean " by 2 3 phasc rcaters:
| to mairtain cabi~ temperature : LOO Mz te=ceratore .
{ at desired level urder certain 115 200 COSLrLLt Y, les 3t oot
' mission phases uhen heating s porates L er=teTrerel
; required. saltires o el
i :
. Air flow: #3830 1b/hr !
! Avr inlet temp:  88COF '
¢ i Air i~let pressures 1.7 psia
! Air LP- 0.EL e, H20
\ Heat''y capacity: 5000 Btushr |
-— e et e er b e e - . .o .
3.1¢  fam, aviomics e Cicculates cocling air throuan 3.8 C b 3 170 Si=ilar §TeTlar £, 13k~ e
vonl ra the aviorics hay and the avion- ' by £.75 «1 phasc 2.6.. varcavcal wsian ot
1cs heat eschanjers; 2 fans 1ong 116§ to seswirl seres, AlomTels oom-
per bav e v, structior. Seari~g arravu-
Flew rate: 1000 1o:br . bee m T siTder Tkt o
. ar, istummated ) fo-
(rlet prossure: 4,3 0sid . tot el Lho i
{ . fedet teme 13(‘,"? L max m:_' ‘(;:soh:u .t PR
Pressure rises 3,0 ir, HO seLetcati.
- - o e e | wdme s > - - e e o s
frevents recirculation of avie I|0.2 L.r dia Similar | $-mila- to ltem .2,
o~ics conling air through the | . by 5 lona {lappers supported 5, sta. -
raciive redundant lan, |  less stedd screen e chede
. : rectioo similar 0 Aonll.
‘1'“‘3’ ;:'i:;arlic?gulg l-‘:\a:‘r * ! ' seit cempresser chech alie .
. Sor temps oF ¢ 0% «n, M0 l
e —— e & ae s s Eme o ce . o wee e = - - ¢ ¢ e mrm e ke o = i T = ———— P R e e e
3,i0 avicnics fon i [ Erutects fan aqainst debris |0.1 L.t dia i Stainles, stecl sirew.
Jubris trap | ertrai=ed by process air in . by 0.2 i
. avionics rircurt, Reroves pars H X
ticles larges thar 0,04 in. Jia, | ‘ ,
flow rates 106y 1h'hr .0 : !
t 130%F ‘mo : 1
. i f Preswure Jrop: 0,1 in, HC f H
: : ' 2 |
v . at operating i
i . conditions
b e - e e L . et e } el ees
~,Fe . Punp packaqe X M cackage iccludes 2 pumps ¢ (ten 15 1t 16 by 8 by ¥ 3 Similar Primar, a~d secondar, purps
! . assembly, water | . 3.0baY, T (-ccn valves titem wet,y ¢ :cach, phase, rochaged as scparate LEL o,
X I oolart 3,240, 1 azcurabater fitee cach primary BN Steel corstructior, Leotr.-
i i 3.04c), U isuration valve pricary and secon-  LOO HO fugal purp driven throuush
| © Utee 3.24d1, 1 filter (ltes and | dory , maanctic coupling by ac ~stir,
. ! ! b, 2ke, |«scar- 1 Motor remevable withcut hreas-
I ' ! ¢ Circulates water through the jaary. ‘ ir water loop irteqrit..
I ; orimary asd socondary catin | ‘ ' poth DI":‘O(v and sgcmfdar.
t | ! ' coulant loops: also maintans | ' : purp packeqes are ‘dert cal.
: [ water pressure ic this loop. ! ( Pump apeed: 22,000 rem.
| \ ' : Purp bearinags: uragtite
] i Flow, rate: S50 1L/vr at 2P ot . design similar te dpollo.
. ! b pie ' Eoticatee lifer 18,020 mr.
. : Irget pressure. o0 w_-&-; Jieited by cotuc balbl featiogs
' { ) let terserature:  70UF (raxl) | i
Acturulatur effective cagacity : i
! W oy | . | ;
- P - i Ve e e e e R L 1. 1 i

| aIRESLARCA MANUFAC TURING COMPANY

o ' 4

73-9097
Page 4-17

. —

P S s 5 1



e ey =V AT

T T = WA

- Tn
Se/ .
- - . ('Y *
N
TABLE 4-3 (Continued)
t ¢ 1 { fa © e e N \
: i 1tom ) Cove lope |
it Mo, Functiona) and Performarce Weight, 1 Sive, L Power, tqu.pr nt
UR fealript o RReq d Requirements 1] ) n, watts (atequr, Borarys artoqe foatur s
. o ¢ e . ot e e ‘ :
3.0 darer 1ob) E 4 i Usca for servicing vatet coolant}{0.? ‘1 by 7 CoModitied Claastivg gecige eedatoo it
¢ cnector , \ lotps, H i ' ecarnnrate beg featur:
' water flow 10 1b/min at P ; '
' of t psi ' {
e ¢ fo —m o - R - & .. -
H 1 . . .
. watr r Seutat? 4 ' tsolates water coolant loops !0.8 .3 by 3.5 t Mngdif ed  Mogeiied Apoll- sabee vt -
valae , fron 1ill conncctors, i by 7 ticatior ayelyes baaie
materiat to steel s LR S
water (low: 10 1b/min at P . natertd l te sto ¢
I ) . i irq gnrt Sis0,
; of 1 psi
. i F ) -
3,104  Secorldar, purp ] < Used to monijtor loop perform- 02 ’ 1 dia by fuistirq Stea'~ qage tip o
inlel prossure arce: C to €0 psiq renge r 2,8 8nt sigral corditice ra
transducer | 1te~ 3.9,
. e e e e e i e e
3,045 Trizar,; cunp 1 ' Same as 3. 10k, 0.2 1 dia by Existirg lgerticar to 3,00
i~let sressurc 2.%
transdocer
— . . e e e e
1,16C Primary water 1 . Used to monitor pump perform 0.2 1 dia by Existing Similar tc 3.70%
pump ¥ trars- . ance: 0 to 80 psid 2.5
ducer . !
3.151  Sccondar, wétcr 1 Same as 3,150 0.2 1 dia by Existing Idertical to 3,1:C
pump P trans- 2,5
. ducer
3.157 ~ Avionics bay 2 Used to monitor avionics bay 0.5 2 dia by 35_ Existing Identical tc ‘ter [.100
1 {an LF trans- fan performance, 0 to 10 in. :
ducer HZO'
. . . RS ' |t e . [P .
3.153 Avionics bay 2 Same as 3.152 0.5 i 2dia by 3 Existing Idertical to Iten 2.1GC
2 far LP transe ! \
Jucer ' :
- - . [ P - N .
3.154 Avionics bay 2 Same as 3.152 0.6 { 2 dis by 3| Existing dentical to (tee :. t{0
3 fon 1P trans~ i I
" aucer . H
. . . O S ,_AJ_._ . . L.
3.765 ¢ (nterchanger M Used for redundancy menagement  0.03 . Existing Fower and ‘«_niral et
Coutlet temperds ! i from (te= 3.5, surfecc *.r¢
' ture transducer i ) H censor.
Cprinarys : H e :
- 0 e e i _— + i —ee e mme e
3..%r  [vapcrator out- | t . used for redundancy msnagement ;0.03 ! g Existing Idest.cal to 3,040
let termperature | { ' i
; transducet N : |
Tipeimary) i |
. [ + +
. H e .
3.287 { interchanger 1 Used for redundancy management 0,03 i q Existing Identical to 3 244
, outlet tumperas N . 1
ture trensducer | i : ;
‘secondary? | ! y l
_— i . - J R L e e -
3. 068 ¢ Evaporator out- | 1 . Used for redundancy mensgement | 0.03 i Existing ldentical to 3.75%
fel temperature i i .
i transducer | | :
i .
. { rsecondary} ; i !
— + ' t o - - —_
3,069 tvaporator cut- © 1 Used {or redundancy msnagemont |0.C3 ¢ i Existing - ldentical to 3.25%
C et temperetyre ! ! ;
" transducer . X | ; .
secondary) 1L . i . .
. : — H - .
T ' 1 . . . ' T
3,2AC, tvaporator outs | 1t Used for redundancy manaqement 0.03 ! ‘ Existing : Identical to 3,255
D let temperature i , :
| i transducer : i ! 1
; i terimary) i : l .
e + e e = o e o ¢ ¢ C
9,20¢  ab.c tempera- ] 1 Same 8s Item 3,3 0,22 1.125 u-a . Existing  DC~10 thermistor type uait -
. | ture sevsor ! ! by 2.6% i povier ard siqgnal condition nq
H ' i tong H . from (tem 3.8,
H e t
. - [ S U t ‘ e o PR -
3,;50£ Tesperature Part of Item 3.2, Usced during 1 ( txisting Incorporated in the desigr of
cenntrol valve qround chechout, i i the tempereture control valve.
'_ positior H i
Cooscidator ' ] i
0 v - e v — _._f. - = ——— ——— - e — 1 dl - — - - -
3,60« & Crirar, douunue ' Used to nunitor toop ‘cakage 0.6 1.6 by 5 i Existing Fressure measurerert #aurdon
i latoer quantity by 4.3 ‘ ' tube with variable relucta: ce
©transducer i i l ; transducer,
f + . R et — P e e
CAe Seoneary accwwd 1 Same a4 3. 500 0.C 1.5 b¢ 5 ! ! Eaisting  Sarc 8s 3,500
i Tlater guor tity by 4.3 l ' -
[ 1 teg s tucer | ; . {
d | - ! - . : L i I A

,-/“;\

'GARRBEY| A1kt ARUH MANUFACTURING COMPANY

P

73-9097
Page 4-18

LA
2

- AN

Lax e




The water coolant pump is a scaled-up version of the Apollo Block 11 pump,
and is repackaged to enhance maintainability.

4,2.5 LRU Definition

The arrangement of the subsystem components into line replaceable
units (LRU's) will depend essentially on installation constraints; however,
factors such as equipment weight, fluid interfaces, and component MTBF will
weigh heavily in the final definition of LRU's and in providing accessibility
to the various subsystem components. In defining the LRU's listed in Table
4-4, major consideration was given to the factors discussed below.

The CO. absorber LRU package (LRU 2-F) must be made accessible directly

2
to the crew to facilitate routine charge replacement in flight, and the filter-
debris trap assembly (LRU 2-D) also must be directly accessible for daily
replacement of the filter element. Adequate space must be provided for handl-
ing the large filters.

The weight of the remainder of the ARS equipment (without LRU's 2-D and
2-F) is estimated at about 100 1b. It i{s highly desirable to break down this
equipment into smaller LRU's. Furthermore, removal of the condenser because
of its interfaces with the two water coolant loops and because of its weight
(61 1b) should be avoided unless the condenser itself has failed. Condenser
failure can only occur by leakage. To ensure that the condenser is not re-
moved from the system by error, provisions must be incorporated to permit
visual inspection of the unit for leakage. A dye in the water loop is recom-
mended to facilitate inspection. Internal leakage (water into the process

air stream) could be detected by Inspection of the humidity condensate line to

the phase separator; external leakage detection will have to be in situ. The

condenser need not be accessible as a component LRU for this purpose. For these
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reasons, the condenser Is considered a shop replaceable unit (SRU) packaged
with the heater (item 3.9) and the temperature control valve (ltem 3.2). These
two ltems will be checked out by means of BITE on the temperature controller
(1tem 3.4). They need not be accessible for ground checkout purposes; however,
packaging should be such that either of these components can be removed from
the vehicle without the necessity for condenser removal.

it is desirable in terms of spares provisioning that the fans be removable
separately. Efforts will be made to package the fans in such a manner that
each fan is an LRU. Accessibility will depend essentially on the available
space for the ARS.

The remainder of the ARS equipment will be replaceable as single component
LRU's.

The cabin temperature selector (1tem 3.5) will be panel-mounted in the
crew compartment. The temperature controller could be located either with the
selector or under the floor with the remainder of the ARS. The controller
incorporates the capability for checkout of the entire temperature control
system, including the temperature sensors (1tems 3.1 and 3.3), the control
valve (lItem 3.2), the selector (Item 3.5), and the cabin heater (1tem 3.9).

For ease of checkout it is recommended that the controller be located with
the selector in an easily accessible area.

The cabin temperature sensor (ltem 3.3) will be installed in the cabin.
Because the process air to the ARS is used as a heat sink for cabin electronics,
the temperature of the air in the ARS return duct is not representative of
cabin temperature. Provisions will be made to assure adequate flow over the
<ensor (300 ft/min mintmum). Packaging the return duct sensor (ttem 3.1) for

removal as a single component should not present any difficulty.
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Depending on installation constraints, it is desirable to have the avionics
fan packages 3-B-2 removable as a unit separate from the avionics heat exchanger.
This apptgach w11l reduce maintenance time appreciably because fan replacement
will not invaTczﬂgzéaking the water coolant loops.

As mentioned previously, the primary and secondary pumps are packaged as
separate assemblies and will be replaceable as such. Depending on accessibility,
however, it would be desirable to break down the pump packages into smaller
LRU's to minimize spares inventory and possibly reduce the turnaround time in
the event of a component failure within the pump package. The pump motor
could be replaced without breaking into the water loop.

Special provisions will be made so that the pressure transducers will be
replaceable without having to service the entire water loop. This will be
accomplished by isolating the failed transducer from the loop and either evacu-
ating that small portion of the subsystem between the transducer and the isola-
tion valve. A better approach would be to flush, with water from the accumu-
lator, the air trapped in the transducer downstream of the isolation valve.
Since maintenance will be effected on the ground, advantage will be taken of
the gravity field in packaging the transducers.

The flash evaporator is a relatively heavy and bulky component. To enhance
maintainability, all components within the evaporator package, including the

spray nozzle, should be accessible for replacement as separate LRU's.

4,2.6 Equipment Packages

Using the above guidelines packages were developed for the major LRU's
contained in the ARS. The packages described below are:
€0, absorber assembly (LRU 2-F)

Cabin heat exchanger assembly (LRU 2-A-2)
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Cabin fan assembly (LRU 2-A-1)
Air-cooled avionics package (LRU 3-B)
Water pump package (LRU 3-i-1)

4.2.6.1 COy Absorber Assembly (LRU 2-F)

N

This LRU, depicted in Figure U-2, comprises the following components:

Two €0, absorber canisters (ltems 2.3a)

PRI N

o } One butterfly shutoff valve (ltem 2.3c)

=
¢

One check valve (ltem 2.3d)

In addition, the canisters will house the CO, absorber elements.

This LRU should be installed in the cabin area with the canister covers
and the shutoff valve accessible to the crew for charge replacement.

The two canisters are mounted (top and bottom) on an aluminum frame that
will be secured to the vehicle structure at eight locations. Removal of the

LRU entails undoing the right mounting bolts and disconnecting the two V-band

clamps on the inlet and outlet ducts. The valves and ducting are mounted on

the canisters by means of hose-band clamps.

overall dimensions are 24 in. by 16 in. by 21.5 in. The total weight of

S IR LN P ot e p m e g e s amam

the assembly is 17.7 1b, excluding the two LiOH sorbent beds.

4.2.6.2 Cabin Heat Exchanger Assembly (LRU 2-A-2)

This LRU is shown in Figure 4-3. The package was developed assuming com-

Ra Ao BET I d.&’”

patibility with the vehicle structure. The three components comprising this

e, .

assembly are mounted on a structure that attaches to the vehicle by means of ,

'{.

i‘?“‘?‘“’ TERSEOM L e -

bolts. A mixing chamber is provided to minimize losses while assuring good
mixing between the condenser and the bypass air streams.
Hose-band clamps are used between all package components. It is desirable

to have all components accessible for removal from the vehicle as separate LRU's. -]
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The weight of this LRU including structure is estimated at 81.8 b, A
hoist will be necessary to assist in replacement of the condenser. The hoist
point is shown in Figure 4-3.

Replacement of the temperature control valve or the heater will requirc
removal of the two hose clamps and the screws securing these components to the
LRU frame.

When the condenser needs replacement, the entire assembly will be removed
from the vehicle. This will entail disconnecting (1) two water coolant loops,
(2) two V-band clamps on the inlet and atlet ducts, (3) the electriéal con-
nector to the valve actuator, (4) the screws securing the frame to the
spacecraft, and (5) the condensate line to the waste management phase separators.

4.2.6.3 Cabin Fan Assembly (LRU 2-A-1)

This package (Figure U-4) was developed to provide minimum size while
maintaining acceptable flow paths within the manifolds. In this respect a
longer package would be preferable. The complete package incorporates three
fan-check valve subassemblies (1 ems 2.2 and 2.5), two pressure transducers
(1tems 2.100), and cylindrical inlet and outlet manifolds. The entire assembly
is secured to the spacecraft structure by two bolts on each manifold. The air
inlet and outlet ducts could be turned at any angle to accommodate the inter-
face constraints of the vehicle ducting and the cabin heat exchanger assembly
(LRU 2-A-2).

The transducers are mounted on the inlet manifold by four screws and
should be made accessihle for replacement as single components. The fan-check
valve subassemblies are supported between the two manifolds by means of V-band
clamps. They can be removed separately by simply disconnecting the V-band clamps

at the inlet of all three fans, the V-band clamp at the package inlet, and the
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transducer sanse lines. Thi. will provide —afficient cpace bar panod [
fan by disconnect ing the fan connector and the P TV I IR TT PR B TE RN VIR B
the fan being replaced.

The estimated weight of the entire package ie 20,5 1b,

4.2.6.4 Nir-Cooled Avionice Package (LRU 3-F)

Figure 4-5 showe the air-cooled avionics pachage.  Three wuch packoe
will be necessary‘to provide the heat sink capabilitice for the three sbicle
avionics bays. The package includes the following eaquipment

) Avionics heat exchanger (ltem 3.7), a threc-fluid urit with

redundant water passages
‘e Two fans with check valve and debris trap (tteme 3.10, 3.11 and 3.1C

° Two pressure transducers (ltem 3.152)

The heat exchanger flanges are bolted to the inlet and cutlet menifolds.
The fans are mounted in thc duct by means of V-band cuick-release clanps.

The fan inlet duct is connected to the avionics ducting by means ~f a beaded
hose connector. The heat exchanger outlet manifold (not shownj is also cor-
nected in the same ranner. Both pressure transducers are installed on the
same side of the packege for accessibility; three screws secure each transduce:
to the heat exchanger manifold.

For all packages involving the thermal loop. the air-cooled avioaic
package was designed to provide component accessibilitly and perrit coipnm ol
removal without having to disconnect the water coolant lires. Beth tronudaves
are readily acce~sible. Removal of the fan assembly (includina check valw
and debris trap) can be effected by disconnecting (1) the inlet trapeitio
duct (beaded hose connector), (2) the V-bands at the inlet of toth far
(to permit removal of the transition duct). (3) the V-band ut the outlet

of the fan being replaced, and (4 the electrical connector to the .
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The overall dimensions of the package are 22 in. by 11 in. by g.62 in.,
as shown in the figure. The weight =f the components is calculated a« 25.2 1b
wet: the overall package weight. including ducting and mounting<, i< e timited
at 30.3 1b.

4.2.6.5 Evaporator Assembly (LRU 3-A)

The evaporator assembly is depicted in Figure L-6. The package include-
the flash evaporator wiih spray nozzle, the evaporator controller and sensors,
and the evaporant water control valve.

Overall dimensions are given in Figure 4-5. Total package weight

including the structure is estimated at 73 1b. The frame supporting the
61-1b evaporator is designed so that the unit can be mounted to withstand
vertical or horizontal acceleration loads. The frame is such that both units
could be mounted side by side. .
Removal of the evaporator package will involve the following:
Disconnecting the evaporant water feed line
Disconnecting the water coolant loop lines
Disconnecting the electrical leads to the power supply
Disconnecting the vacuum duct
As illustrated in Figure 4-6, all components of the package are
accessible for removal as LRU's without the necessity for removing the
evaporator itself. Even the spray nozzle is accessible from the side of the
package.

4.2.6.6 Water Pump Package (LRU 3-1-1)

The pump package is depicted in Figure L4-7. The secondary pump package is
identical o the primary. Removal of any of the pump package components (accu-
mulator, filter, pump proper) will entail breaking into the water coolont loop;

therefore, no attempt was made to provide component-level in-line replaceability.

w
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The filter is designed to match the 18,000-hr life of the pump. The punp
motor , however, is accessible and can be removed without opening the loop.
in locating the pump package in the vehicle, provisions should be made to take
advantage of this feature. Failure of the motor ball bearings due Lo lack of
lubrication is the normal failure of the pump package.

Envelope dimensions of the pump package are 10 in. by 8 in. by 6 in. The
weight is 16 1b.

It is recommended that the AP and P sensors be made accessible as separate
LRU's.

4,2.7 Equipment Redundancy

The equipment arrangement depicted in Figure L4-1 was developed to satisfy
the space shuttle requirements as dictated by crew safety and mission reliabil-
ity considerations from the prelaunch phase to landing. The following discus-
sions highlight the capabilities of the subsystem in this respect.

4,2.7.1 Debris Trap (ltem 2.1)

Blockage of the filter element will result in a failure. The blockage
will occur over a period of tim:.. and will cause a slow deterioration in per-
formance rather than a complete failure of the ARS functions. A AP sensor will
alert the crew of the need for filter replacement. The indication will be
given before performance degradation significantly affects overall flow through
the system.

A relief valve built into the unit provides against complete failure of
the filter element.

4.2.7.2 Cabin Fans and Check Valves (ltems 2.5 and 2.2)

Three blowers are provided in parallel. The estimated 1ife of each blower
is approximately 18,000 hr. The three-blower arrangement provides a fail-
operational/fail-safe (FO-FS) configuration. Only one check valve is used with

E AIRESEARCH MANUFACTURING COMPANY 73-9097
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each blower because of the very high reliability of the check valves and of
because of the very low probability of a series check valve-blower failure.

A AP indicator will alert the crew of a blower or check valve failure.
A1l blowers should be checked between flights. Redundant sensors are used.

4.2 7.3 Cabin Heat Exchanger (ltem 2.6)

The condenser incorporates redundant passages for the two water coolant
loops. The separator is a purely static device. The only mode of failure of
this unit is structural and occurs through plugging of the suction holes be-
tween the airflow passages and the condensate manifold. Since complete block-
age of all the holes is almost impossible, no redundancy other than providing
numerous suction holes is necessary.

4,2.7.4 €O, Removal Assembly (1tem 2.3)

The canisters are-pressure vessels. Operation on one canister is adequate
to maintain PCO, below the maximum aillowable. Operation of the valves (check
valve or diverter valve) in the package is not essential in a pressurized cabin.

The integrity of the LiOH charge is backed up by a U-day contingency
reserve. Failure of a charge to absorb 002 will result in cabin PCO, being

higher than normal.

4,2.7.5 Temperature Control System (1tems 3.1, 3.2, 3.3, 3.4, and 3.5)

None of this equipment Is redundant. Adequate backup is provided to
permit missiorn comple*ion through manual override. Failure of the sensors
(ttems 3.1 and 3.3) or the centroller (ttem 3.4) circuitry will result in loss
of the automatic function; however, the temperature selector incorporates
manual override provisions so that the valve can be actuated directly, thus
bypassing the controller function. In addition, a manual override is provided
on the valve itself and is used to disengage the actuation mechanism and

position the butterflies.
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4.2.7.6 Electrical Heater (ltem 3.9)

Failure of the heater does not involve crew safety. The heater is only
required during low-power level conditions. By increasing power level,
intolerable situations could be remedied without compromising mission success.

4.2.7.7 Transducer Power Supply (ltem 3.8)

This component incorporates a triple-redundant power supply function.
The signal conditioning elements to each transducer are not redundant.
Failure of these elements will result in loss of function equivalent to loss
of transducer. Instrumentation redundancy is discussed in Section 7; adequate
redundancy and backup is provided to assure FO-FS for all critical functions.

4,2.7.8 Water Coolant Loop

Although most of the equipment of a thermal loop can generally be con-
sidered as pressure vessels (lines, heat exchangers. reservoirs, etc.), a
number of essential components such as vaives, pumps, and controllers tend to
compromise the reliability of these loops. For space operation, the thermal
loop is essential not only to provide a comfortable environment for the crew,
but also to assure proper functioning of other vehicle essential subsystems:
namely, the vehicle power supply and electronic equipment. Consequently,
provisions must be made to ensure against loss of thermal management that
could be the result of a catastrophic failure, such as coolant line breakage
and heat exchanger failure through blockage or leakage. Such pressure vessel
failures can be minimized by incorporation of redundant loops. Thi¢ approach
has been used successfully on previous manned space vehicles, and is
recommended for the space shuttle.

The schematic of Figure 4-1 was developed to provide a high degree of

reliabitity. Adequate redundancy has been provided to permit operation at

design performance after failure of any one component. Degraded mode operation

v
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can result from a second failure, depending on the functions of the two failed
components (or modules). Degraded mode operation could result in (1) cabin
temperatures exceeding the limits specified for crew comfort, and (2) the
requirement for minimum power operation.

4.2.7.9 Interchanger (item 7.7)

The interchanger is a four-fluid heat exchanger of stainless steel con-
struction. The exchanger itself is a pressure vessel, so that FO-FS does not
literally apply to this unit; however, much redundancy is provided because any
one of the Freon loops can be used to cool either of the water loops. Such a
four-fluid unit provides a degree of flexibility that, with two interchangers,
could only be achieved through the use of numerous switchover valves that
would compromise the reliability of the entire system. Since the interchanger
constitutes a single-point failure for the system, its location must be care-
fully selected to protect it from hazards resulting from meteoroids or catas-
trophic failures of other subsystems. As mentinned previously, the unit itself
will not fail totally. If leakage or blockage in one set of passages occurs,
the redundant loop is available as a backup.

4,7.7.10 Water Chiller (item h.4)

One water chiller unit is provided in each loop. ‘ine cooling water flows
through a serpentine tube within the reservoir. Failure of this unit corresponds
to a prime structure failure.

4,2.7.11 Water Pumps (ltem 3.24)

v
.

The hermetically sealed centrifugal pumps have inherent long life capa-

bility, as demonstrated by life teéting of the Apollo water-glycol pump. The

estimated 1ife of the pump is in excess of 18,000 hr.
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Two pumps are provided in each module to permit flexibility of operation
. (both systems are identical) and to assure fail-safe conditions in the case
e F where one water loop fails and one pump fails subsequently in the other loop.

A second pump in a secondary system is then necessary to assure flow in the

R

loop and fail-safe operation. The incorporation of two pumps in the secondary
loop results in a 2-1b penalty.

The accumulators have steel bellows that maintain system pressure. Such
bellows can be designed for infinite life, and the accumulators are considered

highly reliable units and require no backup. Accumulator failure is similar

to failure of a primary structure and will require switching to the redundant
Yoop.

The filter serves to protect the pump against debris entrained by the
water. Rather than complete plugging, filter failure will be the result of

accumulation of debris on the surface of the filter element. This will slightly

reduce the coolant flow through the loop and result in performance deterioration.

20T

A AP sensor across the filter will detect filter deterioration.
The check valves installed at the outlet of each pump are highly reliable

and have been demonstrated as such in Apollo service. Failure of a check valve

i

on an operating pump will have no effect. Failure of a check valve on a non-
operating pump is very unlikely in flight; such a failure will require pump
switchover and, if the redundant pump also is failed, loop switchover.

4,2,7.12 Air-Cooled Avionics Loops

The air-cooled avionics loops are essential for mission completion and
crew safety. For this reason, parallel blowers are used in each loop. Avionics

redundancy is provided by the three separate bays.
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Single check vlaves are installed on each blower., This appcars adequate in
view of (1) the very high reliability of the check valve design, and (2) the very
low probability of a series check valve-blower failure. All blowers and check
valves will be checked between flights. A P indicator across the check valve

blower assembly will monitor performance.

The heat exchanger incorporates dual coolant loops to accomodate the redun-

dant water loops.

4.2.7.13 Evaporator Packages (ltem 3.6)

Redundant evaporator assemblies are provided. Each assembly can provide
cooling to either water loop through a separate control system. Considering the
two loops and the two evaporators, the FO-FS criterion is satisfied. Also, the
ammonia evaporators could provide cooling in emergency for a 20-min period at

full power.

4,2.8 Redundancy Management

The general guidelines defined in Section 3 were used to determine the sen-
<ors necessary for control of the subsystem redundant elements in flight. The
requirements for crew intervention were also identified. The ARS redundancy

management requirements are summarized in Table 4-5.

Historical data have shown that the sorbent beds (static devices) inherently
are very effective and will not fail in service. The humidity control/cabin
heat exchanger can fail only through leakage, which is considered here as coolant
loop failure. The condensate removal device consists of slots at the exit end
of the condenser and is not subject to pluggings a filter in the ARS ducting will
preclude dust entering the unit. Loss of the condensate removal function vii bl

be traced to the phase separator in the waste management system.

A critical review of the equipment contained in the subsystem indicates
that the fans and the temperature control system are the high failure rate

elements.
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Fan failure will be detected immediately by the fan LP transducet (=)

interpretation of the data is extremely sivple, as i« the Correct e e Ui
Failure of the temperature contral syster will be detected through Uiy
and low temperature in the cabin. This identification paraetee combd b K
what sluggish, depending on the failure and on the loady at the tire ot the
| failure. Ample time is available for corrective action, Here, failure oi the
automatic control systen will involve manual control through the end ot the

mission. The cabin temperature selector design incorporates provisions tor
positioning the flow diverter valve directly, even in the event of a controller
failure. Furthermore, the diverter valve actuator can be overridden manually

through direct action on the valve itself.

Because of the relatively slow response of cabin temperature Lu a failure,
corrective action will require a stepwise procedure and monitoring of the cabin
temperature for a short time period to determine vihether manual operation can be

effected through the selector or through manipulation of the diverter valve.

High cabin PCO2 can be corrected only by changing the LiOH charqges. This

conscitutes a very unlikely failure, as noted in the table.

»e

Heater failure (on or off) may not be readily detected through subsystem
performance paramcters, depending on the cabin loads and the cabin temperature
- setting. Provisions are inc~rporated in the system to prevent overheating of
the equipment in the event of heater-on failure. The necessity of the heater
for mission success will depend on the cabin loads, which are essentially
. ,W,Ji s determined by vehicle orientation and electrical load profile. Urdoubtedly,
heater failure could degrade particular missions. Consequently, a warning

signal through rhe controller BITE circuit is incorporated to yive indication

of failure.
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Before defining the instrumentation necessary for ronitoric e oo
mance (or the health) of the coolant loop equipment, L i appar inte
identify the possible failure nodes of this equipment. Heatb oo v
fail only through leakage. Thermodynamically, a heat cechanoer can on o
normally even if it leaks. Therefore, temperaturc Measurerents it oot
provide the information necessary to identify heat excharger failure. Lo oo,
however, can be determined by the quantity of fluid stored in the luop
accumulator.

The water coolant pump assures flow through the system, and as long as 1l
flow is maintained, the heat exchangers will perform within specificatiovn. Thu
purnp performance, as measured by pump pressure rise, is an essential para-cte:
in terms of redundancy management.

Another parameter of importance is the pump inlet pressure. This para et
determines :cumulator performance and provides an indication of exces - ive
Jeakage that should have been detected normally by low accumulator quantitw.

The only redundancy management actions involve switching pumps in the
primary loop or switching from the primary to the secondary loop. The firat
aclion will be taken upon pump failure, and the secona in the event of tuo
pump failures, leakage, or accumulator failure.

It is recommended that the Freon-21 and water loops incorporate blow-uut
plugs to prevent overpressurization of these circuits. The water loop pluu
should be located in the unpressurized area of the vehicle near the interchaytger,

The avionics cooling air loops consist of a heat exchanger and redundant
fans with associated check valves and debris traps. The only eguiprent to
monitor in flight is the fan, check valve, and debris trap assemblies. This
is done by P monitoring. Heat exchanger leakage is monitored o divou wed

above.
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ly,3 ATMOSPHERIC CONTROL SUBSYSTEM (ALS)

4,3,1 Functional Reguirements

The functions of the atmospheric concrol subsystem are (1) vRyner storane
and supply; (2) nitrogen storage and supply; (3) cabin oxygen partial pressure
(POZ) and total pressure (PT) control; anu (4) miscellaneous services, including
water tank pressurization, airlock and tunnel pressurization and depressuriza-
tion. EVA support, and emergency supply. Redundancy of components ir this
subsvstem provides total system operation after a failure of any component
and total system operation to the extent of crew safety after a second failure
of any component.

Oxygen from this subsystem is used for the following:

(a) Cabin metabolic consumption

. (b) Cabin and avionics bays leakage makeup
(¢) Airlock and tunnel pressu:ization
(d) Cabin repressurization
(e) Prebreathing prior to EVA
(f) PLSS recharge

) . (g) Emergency breathing

o]
. Nitrogen from this subsystem is used for the following:
. (a\ Cabin and avionics bay leakage maneup
N 4
j (b) Water tank pressurization
A (c) Airlock and tunnel prescurization
v g
g4 o= (d) Cabin repressarization
&
B I
- |
|
. !
- )
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4.3,2 Performance Requirenents

The space shuttle specifications that influence the design of this subsysten
are listed in Table 4-6.
TABLE L4-6

DESIGN REQUIREMENTS

Design Parameter . J___> Requirement ‘
Cabin total pressure 14.7 20.2 psia '
Cabin PO, 3.1 #0.1 psia !
Design crew size 4 men (10 men maximun) ! ]
Vehicle leakage rate 10 1b/day 4
Crew 02 consumption 1.76 1b/man/day 1
Mission duration 7 days
Contingency emergency duration L dayc
Maximum duration of atmospheric supply 11 days !
I and control .
|
i Cabin volume 2000 cu ft
Airiock volume 250 cu ft
I
Avionics bay volume 127 cu ft (total number @
per vehicle: 3) 1
. ; .
Airlock repressurization time 5 min ! !
Cabin repressurization time (from 1 hr [
! 0 to 14.7 psi) S
| ‘
% Avionics bay pressure with respect -0.4 psid J
i to cabin
; Maxitum avionio Loy pressure with 20.6 psid
respect to cal i
i Watlor tank jre ot 18 (+3, -0) psig
i . e
% Portable crergency supply 12 1/min at a regulated
i pressure of 70 to 100
' . e
i psiy and a temperature of :
g 35 to 70°F for 10 min minimum
| N —
B Lo
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4,3.3 Subsystem Description

A schematic of this subsystem is presented in Figure 4-8. The oxygen
storage and supply, nitrogen storage and supply, and cabin PO2 and PT control
are triple redundant; each of these functions are accomplished by a primary,
secondary, and auxiliary (emergency) module.

4.3,3.1 Oxygen Storage and Supply

Primary oxygen supply is prcvided from the primary cyrogenic oxygen
supply for the power reactant system distribution (PRSD) . Similariy, the
secondary oxygen supply is provided from the secondary PRDS cryogenic oxygen
tankage. Oxygen from both of these sources is delivered to the ECS at a nominal

pressure of 900 psia and a temperature from -200° to +160°F. Tl secondary and

primary oxygen supply modules are identical. The delivered oxygen flows through

a capillary flow restrictor-heater (Item 1.14), which limits the flow to 7.5

£

Ib/hr and the temperature tc a minimum of -40°F. The restrictor-heater is a

= capillary tube wrapped around two parallel lengths of the Freon-21

thermal coolant loop. Both legs of the primary and secondary oxygen supply

>

connect into a common manifold, and each leg contains a check valve (Item 1.15)

N e

to prevent counterflow in either of the legs, thus isclating the supply lines

.4

in event of failure in the cryogenic delivery system.

= The auxiliary (emergency) supply consists of two PRD-49 filament-wound,

L

aluminum-1ined spherical tank modules. Each spherical tank contains

37.5 1b of usable oxygen. The storage pressure at 7ODF iv 3000 psig. When high
oxygen flow rates are required {o maintain cabin pressure, exceeding the cryo-
9 genic supply delivery capability, the high-pressure oxygen tanks will furnish
the necessary capacity. During cabin repressurization and/or airlock repres-

4 curization, the maximum flow rate from each tank module can be as high as

-
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RE 150 1b/hr. The expulsion of the oxygen during repressurzation may causc the
temperature to drop to -20°F. The oxygen auxiliary supply contains sufficient

oxygen for one cabin repressurization, for seven airiock rcpressurizations, and

for 4-day emergency contingency. in adddition to the tanks, each module
includes the following equipment:
(a) oOne solenoid isolation valve (ltem 1.20b)

(b) One pressure regulator/relief valve (Item 1.20c) that controls the

pressure to 800 psig
(¢) One rill and safety valve (1tem 1.20d) that incorporates a burst
disc for protection in the event of tank overpressurization
(d) One pressure transducer (ltem 1.108 or 1.109)
The auxiliary oxygen supply is routed to the common manifold between
the secondary and primary supply. The regulated pressure of 800 psig and the
check valve in the auxiliary legs prevent use of auxiliary oxygen during
normal operation. The auxiliary supply is regulated to a pressure slightly
lower than the primary and secondary supply to prevent usage in normal opera-
tion, yet the tanks can be maintained on stream.

4,3.3.2 Nitrogen Storage and Supply

Nitrogen is stored in eight PRD-49 filament-wound, 5096-0 aluminum-1ined
spherical tank modules. initially, each tank contains 25 1b of usable nitrogen %
at 3000 psig. Each tann module contains a solenoid isolation valve (Item 1.21b), b
a fill/safety valve that incorporates an overpressurization burst disc (1tem
1.21c), a check valve (Item 1.21d), an a pressure transducer (ttem 1.100
through 1.107). Nornally, only one tank will be on stream at any one time,

and all tanks are manifolded together. Three separate lines are fed frou

this manifold. Each line includes a solencid isolation valve (ltem 1.19), ~—
—  ——
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a pressure regulator valve (Item 1.25) that controls downstrean pressure

to 140 psig, and a check valve, This arrangement provides regulator/relicef
isolation capability. Downstream of the check valves the three 140-psi lines
join into a second manifold from which nitrogen is distributed to the cur-
position control module and the water tank pressure regulators.

4,3,3.3 Cabin PO2 and PT Control

Cabin partial oxygen pressure and total pressure is normally maintained
by one of two redundant modules; only one module is on stream at any one time,
Depending on the cabin oxygen partial pressure,the module will selectively
feed oxygen or nitrogen to the cabin. Manual shutoff valves (ltem 1.9) located
on the two-gas control panel isolate the oxygen and nitrogen supply to the
module in normal operation. Oxygen is routed to a regulator/relief valve
(l1tem 1.7) which reduces the pressure to 100 psig. The nitrogen and oxygen
lines in each control composition module are mated into a comron manifold
that leads to the cabin pressure regulator (ltem 1.2). When the cabin pressure
decreases, the cabin pressure regulator will open, allowing either nitrogen
or oxygen to discharge to the cabin. When the cabin oxygen partial pressure
reaches 3.2 psia, the PO2 sensor (ltem 1.12) in conjunction viith the PO2 con-
troller (1tem 1.13) opens the sz control solenoid valve (ltem 1.11) in the
nitrogen supply line; nitrogen at a higher pressure than the oxygen supply
will then flow through the cabin pressure regulator to maintain total cabin
pressure. A check valve (1tem 1.8) downstream of the oxygen regulator (1ten
1.7) prevents.the flo of oxygen when the PO2 control solcnoid valve (ltem 1.11)
is open. When the cabin PO2 drops to 3.0 psia, the PO2 control solenoid valve
is closed by the PO2 controller. This enables oxygen to flow to the cabin

woon demand.

- o
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Upon failure of both composition control modules, the cabin total pressurc
and cabin oxygen partial pressure are maintained by tuo manually operated
valves (ltem 1.9) tied-in with the nitrogen and oxygen manifolds. Certain
PO2 and PT information (ltems 1.500 and 1.190) will be used by the crew for
this purpose. Restricting orifices (Items 1.17 and 1.18) in the emergency
lines limit the flow to specified values. The emergency valves will be ranu-
ally manipulated as required to maintain the cabin pressure limits. Figure
L4-9 graphically illustrates the cabin total and oxygen partial pressure
cycling during a typical emergency situation.
A relief valve (ltem 1,1) with redundant elements prevents uverpressurization

of the cabin. The valve is sized to maintain cabin pressure below 15.7 psiqg.

4.3.3.4 Water Tank Pressurization

Nitrogen from the 140-psig manifold is reduced to 18 (-0, +3) psig by two
dual regulator/relief valve modules (1tem 1.10) to pressurize the two 100-1b
water tanks. The redundant elements in each valve can be isolated manually.

4.3.3.,5 Avionics Bay Compartment Pressurization

The avionics bays are pressurized by flow from the cabin through a pressure
regulator (ltem 1.3) which maintains the avionics bays at a pressure 0.4 psig
lower than cabin. In the event of cabin depressurization,or avionics bay over-
pressurization (as in the event of a fire in the bay), redundant overboard
pressure relief valves (1tem 1.37) will limit the pressure in the bays to 0.6
psid above the cabin pressure. Blowout panels between the avionics bays and

the cabin are provided to prevent structural damage in emergencies.
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4.3.3.6 Airlock and Tunncl Operation

A manually operated valve (ltem 1.77) is used to depressurize the airloch
by venting to ambient. The airlock depressurization valve (Item 1.77) will
be operable from inside and outside the vehicle. Manually operated valves {
(Items 1.6 and 1.38) are provided to repressurize the airlock and tunncl
from the cabin. These valves can be operated from within the cabin and aiso
from within these compartments. Redundancy provides fail-operational capability.

~7' L,3.3.7 EVA Support
Oxygen from the 900-psig manifold is routed to connectors for PLSS

recharge and prebreathing. Two EVA support panels are provided. Each panel

incorporates provisions for PLSS resupply through a connector (1tem 1.53). In
addition, the oxygen from the manifold is reduced to 100 psia and routed to

connectors for oxygen prebreathing prior to EVA. Shutoff valves (ltem 1.46)

Sewlter s geenm eneewmaent CC ot
~a
;

isolate the connectors when not in use. A pressure gage (1tem 1.79) is used ’
i for monitoring PLSS recnarge operation. These gages also can be used as

backups for the manifold instrumentation.

4.3,3.8 Emergency Oxygen Supply

Emergency oxygen is provided to the crew for use in cases of atmospheric T "
contamination or cabin depressurization. The EVA support mask disconnects can
be used for this purpose. Oxyger at 100 psia is delivered to two conneciuvis i
on the crew support panels to provide extended emergency oxygen breathing

capabilities. Four portable oxygen units (ltem 1.72) are stured onboard the

vehicle: each unit has the capacity to support one crew man for 10 min in an
emergency. The portable oxygen units can be recharged by using the tigh

pressure connectors located on the EVA support panels.

[ S
e
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L,3.4 Equipment Sunmary

Tabla L4=7 summarizes the characteristics of the cquiprent shown in the
schematic of Figure 4=8. The instrumentation is included in the table,
Reference is made to Section 7 for a discussion of instruments, The atnon-
phere control subsystem is characterized by a large number of cunponents.  This
is the result of the numerous functional requirements and the high decgree of
redundancy necessary to provide FO-FS.
- A summary of the data of Table 4-7 is presented below

Number of Components

.; Functionai corponents 124
, - Monitnring instrumentation 36
: Number of Component Designs
: Functional components 30
1 LT Monitoring instrumentation 9 )
=) Equipment Weight
; Fixed dry weight 467.5 1b (including b4 port-
‘ w able emergency 0, supply)
Expendable weight (02-N2) 275 1b
. »
: Launch weight 742.5 1b ,
& Power Requirements 4 w for the PO, controller .
(all instrumentation trans=- §
ducer power is supplied by
Item 3.8)
In selecting components for this subsystem, emphasis was placed on .
o e ‘.’ 3 . 3 .
o commonality to reduce ini.ial co.t and spares provisioning. Examples include:
Y (a) Gas Shutoff Valve--A standard Carleton toggle valve is used Lo
provide the functions of |tems 1.9 and 1.46, A total of il toqqle
’
shutoff valves are used. -
3 -
s =
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